mechanical performance of LBMs is obtained at maximum dehydration. By contrast, the viability of microorganisms requires a humidity higher than 50%. Therefore, minimum mechanical performance would be obtained at maximum viability conditions. In summary, Heveran et al. 2 creatively engineered a new class of construction material capable of exponential regrowth with the use of environmental switches and microbial-induced calcium carbonate precipitation. Remarkably, the resulting LBMs have compressive strength values in the range of minimum cement paste and impressive fracture energies. Despite the tradeoff in biological-structural function and relatively low mechanical property values, LBMs represent an exciting material technology that can bring a sensing, responsive, and regenerative multifunctional dimension to structural materials for the built environment. Future work is certainly needed to identify the main toughening mechanism induced by cyanobacteria and to verify the long-term biological viability, mechanical performance, regeneration, possible odor to bacteria death, and overall health effects of these materials. Light-emitting materials have made a broad impact on our daily life. Similar to electroluminescent materials, which keep humans out of darkness, photoluminescent materials play crucial roles in sensing, imaging, and diagnosis. 1 Mechanoluminescent (ML) materials are a special type of light-emitting materials, which can be excited by mechanical stimuli, and release photons through radiative decay. 2 The ML phenomenon was observed by scraping a lump of sugar crystals as early as four centuries ago. 3 However, the progress of mechanoluminescence has been relatively slow because of multiple reasons, such as low emission of crystals in the aggregate state and lack of an intrinsic mechanism of this special type of light emission. 2 Even at present, the exact mechanism of mechanoluminescence remains elusive. One possible explanation of ML materials with luminescent centers was presented as follows. When the ML crystals were fractured by external force stimulus, electrons (along with ions and neutral species) were emitted from the surface of crystals. Subsequently, the luminescent centers could be excited by electron bombardment to yield mechanoluminescence. 2 Recently, the rapid development of fluorogens with aggregation-induced emission (AIE) has stimulated the discovery of more ML materials. AIE refers to a unique phenomenon whereby molecules are almost not emissive as molecular species in solution, but they could be induced to emit efficiently upon aggregate formation. 4 Given ML materials typically work in solid state, the introduction of the AIE concept can significantly enhance the brightness of ML materials, which is beneficial to both mechanism understanding and observation of the ML phenomenon, potentially leading to more practical applications. Although molecular packing in crystals plays a key role in ML materials, 5, 6 it is an inescapable fact that the orderly molecular arrangement of ML crystals can be destroyed in response to force stimuli. Therefore, establishing a quantitative relationship between pressure and brightness in ML devices has been a daunting task, which greatly limits the practical applications of ML materials. 7 In this issue of Matter, Zhen Li and coworkers at Wuhan University and Tianjin University reported a novel pure organic ML material, tPE-2-Th (Figure 1A) , which shows a quantitative relationship between pressure and emission intensity, leading to its applications in encrypted communication, information storage, patient care, and health monitoring. 8 tPE-2-Th was designed by linking a thiophene ring to triphenylethylene. Thanks to the AIE characteristics, tPE-2-Th shows bright blue emission centered at 452 nm with a fluorescence quantum yield of 59% and exceptionally bright ML emission, which can be clearly observed by the naked-eye even under daylight. The capability to build a new equilibrium of orderly molecular arrangement after force stimuli is the key to realize a quantitative pressure-brightness relationship in ML materials. Because the structure of tPE-2-Th is similar to a parallelogram, it could be easily deformed and recovered in a mathematical model to re-establish the ordered structure after force stimuli (Figure 1A) . In addition, according to the single crystal structure and theoretical model, numerous intermolecular interactions of C-H$$$S exist in the crystals, indicating that the thiophene ring could form strong intermolecular interactions and tight packing modes so that tPE-2-Th can build a new equilibrium of orderly molecular arrangement upon force stimuli. Taking these advantages into account, the stable quantitative relationship between pressure and ML intensity was observed for the first time in tPE-2-Th crystals. This breakthrough opens up new possibilities for a spectrum of practical applications of ML materials by converting intangible force signals into visible and quantifiable light intensities.
To demonstrate the practical application of the ML material, Li and co-workers further fabricated the sandwich-type flexible device to demonstrate the quantitative relationship between pressure and ML intensity ( Figure 1B) . After systematic testing, two devices (type A and B) with different crystal sizes (diameters of 2-3 mm for type A device; diameters of 0.8-1 mm for type B device) were prepared to improve the accuracy of quantitative relationships. Both devices exhibit a stable linear relationship between force stimuli and ML intensity, which allows effective numerical conversion between pressure and emission intensity. Because large-sized crystals were more adamant, the type A device could respond to stronger forces of 1-14 N. Compared to the type A device, the type B counterpart exhibits a more stable signal with smaller data variance because smallsize crystals can cover the ML layer of the device more uniformly, but it can only be used to respond to weaker forces in the range of 1-6.5 N because of the relatively lower crystal strength. This difference indicates that we can easily change the size of tPE-2-Th crystals to modify the device behavior for different requirements of various applications.
As an example, encrypted communication represents one of the fundamental needs of today's information age. Based on the principles of the quantitative relationship described above, a simple device could be built to convert force signals into ML signals. Through a threshold being set, number codes composed of 0 and 1 could be generated at various terminals and translated into different letters, words, or sentences. As shown in the Figure 1C example, one settable threshold (e.g., 100 a.u.) of ML intensity and a transcoding system (binary data of [0, 0, 0, 0, 0] to [1, 1, 0, 0, 1] were used to indicate letters ''A'' to ''Z'') could be established, which was made known only to the sender and the recipient. Therefore, five sets of ML intensities lower than the settable threshold of 100 a.u., for instance, 3.2, 3.8, 2.8, 0.7, and 3.5, would generate binary data [0, 0, 0, 0, 0], which would be translated into letter ''A.'' As the number of signals increases, words, phrases, and even sentences could be encrypted or stored to realize transmission of big data.
The other example of the application of ML materials is that in responsive flexible electronics. In recent years, wearable devices and intelligent medicine have developed rapidly. It is essential to monitor the health condition of different weak forces produced by the human body, such as heartbeat, muscular movement, and breath. A flexible ML device allows the conversion between force and light signals and the combination of special properties from both sides. When such a device is worn at the vulnerable area of certain patients or elderlies, it can be used to monitor the external impact force through a visual signal, which will help to prevent possible damages. Besides external forces, the designed ML device can also be used in monitoring internal weak forces produced by the human body. For instance, the ML device shown in Figure 1D could provide a quick response to human heartbeats and convert the intangible heartbeats to visible light signals, which provide not only warning functions, but also convenience in monitoring.
Through studying the material packing mode in crystalline state and the corresponding theoretical model calculation, Li and co-workers have recently provided some insights for the design of efficient ML materials: (1) AIE characteristics are valuable to enhancing the brightness of ML materials because ML materials are usually used in solid state, and (2) the introduction of selfassembling groups, e.g., thiophene rings in this work, is beneficial to re-establishing the ordered crystal structure, leading to recyclable 9 and even quantifiable ML properties. 8 These new design concepts and considerations of ML materials will not only push for a deeper understanding of ML mechanisms but also open up new possibilities related to quantification of force stimuli in a diverse range of infocomm and health care applications.
